Abstract Despite the long history of breeding potatoes resistant to Phytophthora infestans, this oomycete is still economically the most important pathogen of potato worldwide. The correlation of high levels of resistance to late blight with a long vegetation period is one of the bottlenecks for progress in breeding resistant cultivars of various maturity types. Solanum phureja was identiWed as a source of eVective late blight resistance, which was transferred to the cultivated gene pool by interspeciWc crosses with dihaploids of Solanum tuberosum. A novel major resistance locus, Rpiphu1, derived most likely from S. phureja and conferring broad-spectrum resistance to late blight, was mapped to potato chromosome IX, 6.4 cM proximal to the marker GP94. Rpi-phu1 was highly eVective in detached leaXet, tuber slice and whole tuber tests during 5 years of quantitative phenotypic assessment. The resistance did not show signiWcant correlation with vegetation period length. Our Wndings provide a well-characterized new source of resistance for breeding early and resistant-to-P. infestans potatoes.
Introduction
Late blight caused by Phytophthora infestans (Mont.) de Bary threatens potato cultivation worldwide. Chemical control of late blight is expensive and, to be eVective, must be constant during the vegetation period. If not controlled, late blight epidemics can result in complete yield loss (Jwieryjski and Zimnoch-Guzowska 2001) . P. infestans is a fast-evolving heterothallic oomycete species, which is able to overcome host resistance by forming new races and which also develops insensitivity to commonly used fungicides.
During the Wrst half of the 20th century, 11 race-speciWc resistance genes (R genes), named R1-R11, have been discovered in the wild species Solanum demissum. Soon afterwards, some of them have been introduced into potato cultivars (Niederhauser et al. 1954; Stewart and Bradshaw 2001) . The Wrst gene for late blight resistance that was mapped and subsequently cloned in potato is R1 on chromosome V ( Leonards-Schippers et al. 1994; Ballvora et al. 2002) . Other R genes originating from S. demissum were mapped to diVerent positions. R2 was localized on chromosome IV (Li et al. 1998) . Genes R3, R6 and R7 were all mapped to a distal position on chromosome XI (El-Kharbotly et al. 1994 . Fine mapping of R3 revealed that this resistance is in fact conferred by two closely linked genes R3a and R3b with distinct pathogen speciWcities (Huang et al. 2004 . Recently, R5, R8, R9, R10 and R11 genes were shown to be allelic versions of R3 . Furthermore, R10 and R11 from another source have also been mapped to the same location on chromosome XI in an independent study (Bradshaw et al. 2006) .
R genes from S. demissum have been exploited in resistance breeding. However, virulence factors of P. infestans, which turn those genes ineVective, are widely distributed in the contemporary pathogen populations. The British potato cultivars Pentland Dell (R1, R2 and R3) and Maris Peer (R1, R2) as well as the Polish cv. Epoka (R3, R4) are well-documented examples of non-durable resistance to P. infestans conferred by these R genes (Malcolmson 1969; Rudkiewicz 1985) . From the wild species Solanum berthaultii, gene R pi-ber was introgressed to the cultivated potato gene pool and mapped to chromosome X (Ewing et al. 2000; Rauscher et al. 2006) . Other wild species that cannot be crossed directly with Solanum tuberosum are also important sources of new R genes, such as gene Rpi1 from Solanum pinnatisectum identiWed and mapped to chromosome VII (Kuhl et al. 2001) or gene Rpi-moc1 found in Solanum mochiquense and mapped to chromosome IX (Smilde et al. 2005) , close to locus Ph-3 of Lycopersicon pimpinellifolium, which confers resistance to P. infestans in tomato (Chunwongse et al. 2002) . A number of resistant genes were identiWed in the wild species Solanum bulbocastanum. The Wrst two alleles were identiWed on chromosome VIII and independently cloned by two research groups-RB (Naess et al. 2000; Song et al. 2003) and Rpi-blb1 (Van der Vossen et al. 2003) . The second gene Rpi-blb2 is localized on chromosome VI and has also been cloned , whereas Rpi-blb3 has been mapped to chromosome IV (Park et al. 2005a) . The latter forms an R gene cluster on chromosome IV, together with R2, Rpi-abpt from S. bulbocastanum and a R2-like gene of unknown origin (Park et al. 2005b ). The RB gene has been introduced into the cultivated potato gene pool by somatic hybridization and Rpi-abpt by bridge crosses. Both genes confer resistance to contemporary P. infestans isolates and are being used in breeding programs (Song et al. 2003; Park et al. 2005b) .
Besides R genes, quantitative, polygenic or Weld resistance to P. infestans has also been described in potato germplasm and was considered more durable than resistance conferred by R genes (Wastie 1991) . The majority of potato cultivars with good levels of Weld resistance to late blight are, however, late maturing, which is an undesirable agronomic character. The negative correlation between vegetation period length and resistance to P. infestans in potato was already reported in the 1950s (Jwieryjski 1990) and was explained by concomitant introduction of S. demissum genetic factors controlling resistance, both R genes and quantitative resistance loci (QRL), and vegetation period length into the cultivated potato gene pool. Quantitative trait locus (QTL) analysis of late blight resistance and vegetation period length in the same mapping populations could not distinguish whether the correlation between these two traits is due to close genetic linkage between functionally unrelated genes and therefore linkage drag, or to pleiotropic eVects of the same gene underlying both traits (Bormann et al. 2004; Collins et al. 1999; Oberhagemann et al. 1999; Visker et al. 2003 Visker et al. , 2005 .
Here, we describe the identiWcation and linkage mapping of a novel, major late blight QRL originating most likely from Solanum phureja Juz. et Buk., which is highly eVective in potato leaves, tuber slices and whole tubers, is not correlated to vegetation period length, and might therefore be a very valuable new resistance source for breeding late blight resistant potato cultivars.
Materials and methods

Plant materials
The diploid mapping population 97-30 (2n=2x=24) was developed by crossing the P. infestans resistant clone DG 92-227 with the susceptible clone DG 93-352. Both clones were complex hybrids of S. tuberosum and other Solanum species. The original source of resistance is most likely S. phureja Juz. et Buk., included in Solanum stenotomum £ S. phureja hybrid 375186.3/48 and into in clone 380051/7 obtained from the International Potato Center, Lima, Peru. A detailed pedigree of DG 92-227 with marked inheritance of resistance to P. infestans is shown in S1. Theoretically, DG 92-227 consisted of S. . There were 153 progeny clones in the population 97-30. Four Polish potato cvs were used as standards of resistance to P. infestans: Irys (susceptible in foliage and tubers), Sokói (susceptible in foliage and moderately resistant in tubers), Bzura (resistant in foliage and susceptible in tubers) and Meduza (resistant in leaXets and moderately resistant in tubers). Additionally, we used two diploid hybrid clones developed at the Laboratory of Genetics, Plant Breeding and Acclimatization Institute (IHAR), Miochów: DG 94-15 with resistant foliage and DG 94-668 with resistant tubers.
P. infestans isolate
In all resistance tests, the isolate MP 324 from the IHAR pathogen collection was used. The isolate collected in Poland in 1997 was A1 mating type, highly aggressive, metalaxyl resistant and of complex race (1.2.3.4.5.6.7.8.10.11 Zarzycka (2001a, b) . Three or Wve leaXets, slices or tubers per genotype were tested in two replications once or twice each year. A droplet of 50 sporangia/ l suspension of P. infestans isolate MP 324, prepared as described by Zarzycka (2001a) , was used as an inoculum. Resistance of leaXets and tuber slices was assessed after 6 days of incubation. Resistance of whole tubers was assessed after 2 weeks of incubation. The resistance was scored on a 1-9 scale, where 9 was most resistant.
Evaluation of vegetation period length
Length of vegetation period of the population 97-30, the parental clones and the standards was evaluated in 2 years, were planted on the 28th of April and harvested on the 18th of September, while in 2004 planting was on the 6th of May and harvesting on the 23rd of September. In both years, a plot of six plants of each genotype was evaluated once a week, starting from the beginning of August. These clones that Wnished vegetation period before the harvest were evaluated for vegetation period length directly in days. Those which were still growing on the day of harvest were assessed on a 1-5 scale, where 5 means a green, Xowering plant, and then the scale was converted into days of vegetation period by adding 7 days per grade above one (Ratuszniak and Komorowska-Jddrys 1995) . Therefore, all vegetation period length data were expressed in days.
DNA isolation, PCR and electrophoresis
Genomic DNA was extracted from 1 g fresh, young leaves with the DNeasy Plant Maxi kit (Qiagen, Hilden, Germany) according to the supplier's protocol. In bulked segregant analysis (Michelmore et al. 1991 ), the following were tested: 100 random ampliWed polymorphic DNA (RAPD) primers, sets A-E, received from Operon Technologies (Alameda, CA, USA), 21 RAPD primers with known map positions in tomato (McNally and Mutschler 1997) and 100 ISSR (intersimple sequence repeat) primers (set #9, received from the Biotechnology Laboratory, University of British Columbia, Vancouver, Canada). The bulks contained equal amounts of DNA from eight resistant (resistant bulk) or eight susceptible (susceptible bulk) individuals. Only the individuals with mean resistance gradeş 8.1 in all three types of resistance test were considered as 'resistant'. A pseudo-sequence characterized ampliWed region (pseudo-SCAR) marker was developed according to the procedure of Chagué et al. (1996) . PCR conditions for amplifying RAPD and pseudo-SCAR markers were according to Marczewski et al. (1998) , while ISSR markers were analyzed as described by Flis et al. (2005) . The Qiaquick kit (Qiagen, Hilden, Germany) was used to recover the ampliWed DNA from an agarose plug containing the marker OPB7+TG/GT. The sequence of OPB7+TG/ GT amplicon was determined using an ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit and ABI377 automated DNA sequencer (PE Biosystems, Foster City, CA, USA) at the ADIS service unit (Automatische DNA Isolierung und Sequenzierung service unit, MPI, Cologne, Germany). On the basis of the DNA sequence, speciWc primers were designed to amplify the marker B7 600 . PCR analysis of B7 600 and other sequence-speciWc markers were performed using the conditions described by Rickert et al. (2003) in 20 l reaction mix containing 1.5 ng/ l template DNA, 1£ PCR buVer (20 mM Tris-HCl, pH 8.0, 50 mM KCl), 2.6 mM MgCl 2 , 0.2 mM of each dNTP, 0.7 M of each primer, 0.03 U/ l Taq DNA Polymerase and ampliWed by the thermocycler program 95°C-2 min [93°C-1 min, 1 min at annealing temperature, 72°C-1 min]£40, 72°C-10 min. Primer sequences, annealing temperatures and ways of revealing polymorphism are shown in S2. To Wnd polymorphism within ampliWed DNA fragments, the PCR products were digested with the restriction enzymes MseI, AluI, HinfI, RsaI, DdeI, MspI, DraI, CfoI or TaqI, and separated on agarose gels stained with ethidium bromide [cleaved ampliWed polymorphic sequence (CAPS) markers]. Alternatively, amplicons were analyzed for single strand conformation polymorphism (SSCP) (Plomion et al. 1999; Slabaugh et al. 1997; Bormann et al. 2004 ). For SSCP analysis, 4 l of restriction digest with 8 l of denaturing solution (97% deionized formamide, 0.01 M NaOH, 0.05% xylene cyanol, 0.05% bromophenol blue) were denatured at 94°C for 4 min and put immediately on ice. Samples were then separated on the 0.25 £ Mutation Detection Enhancement gels (BMA BioWhittaker Molecular Applications, Rockland, ME, USA) in 53.4 mM Tris-borate, 1.2 EDTA buVer, pH 8.0 and 5% glycerol with addition of 0.06% N,N,NЈ,NЈ-tetramethylethylenediamine and 0.05% ammonium persulfate. Gels were run at 1.5 W for approximately 17 h at room temperature and silver stained (Bormann et al. 2004 ).
Mapping of the marker B7 600
The marker B7 was scored as a segregating SSCP band in the diploid reference mapping population F1840 . Its position relative to the existing restriction fragment length polymorphism marker database was determined, using the software package MAPRF (E. Ritter, NEIKER, Victoria, Spain).
Data analysis
Goodness-of-Wt to normality of the length of vegetation period distribution in the population 97-30 was tested by the Kolmogorov-Smirnov test. Pearson's correlation coeYcients between the evaluated traits were calculated. The results of resistance assessment of parental clones and standards were ordered by Duncan's test. Analysis of variance (ANOVA) was performed to assess the eVects of year and date of testing, genotype by date, year by date and genotype by year interactions on the results of the resistance tests. Marker alleles were scored as present or absent and their goodness-of-Wt to the expected 1:1 segregation ratio was checked by chi-square test. Markers linked to the resistance traits were detected by the Mann-Whitney's U-test and the strength of linkage was estimated by ANOVA. The calculations and statistical tests were performed using SPSS 10.0 for Windows (SPSS Inc., Chicago, IL, USA) and STATISTICA for Windows (Stat Soft, Inc., Tulsa, OK, USA).
Results
Late blight resistance and vegetation period length assessments
Parental clones DG 92-227 (resistant) and DG 93-352 (susceptible), 153 progeny and standards were tested for resistance to P. infestans in Wve consecutive years by three laboratory methods: detached leaXet (in total 11 tests), slice (9 tests) and whole tuber tests (9 tests). DG 92-227 was more resistant than any other tested clone in all types of tests and its resistance was the most stable in Wve consecutive years of testing (Table 1) . The disease symptoms observed in this clone Wtted the narrow range of grades 8.3-9.0 and were non-sporulating, hypersensitive reaction necroses. DG 93-352 was susceptible in leaXet (mean grade 3.58) and moderately resistant in tuber slice (mean grade 4.28) and whole tuber (mean grade 5.79) tests (Table 1) . The resistance standards behaved as expected, the most resistant cultivar was Meduza, the least resistant cv. Irys. Cultivars Bzura and Sokói were moderately resistant and diVered signiWcantly from each other only in tuber slice tests. DG 94-15 was resistant in all types of tests and was always more resistant than any of the cultivars, whereas DG 94-668 was resistant only in tuber slice and whole tuber tests. The results of progeny resistance assessments in detached leaXet and slice tests covered the whole range of scale 1.0-9.0, whereas the range of results in tuber tests was narrowed to 3.4-9.0 (Fig. 1) . The histograms of the 5-year mean resistance among the progeny in all types of tests showed a clear bimodal distribution, indicating the segregation of a major resistance factor in population 97-30. Highly resistant individuals predominated, with resistance of leaXets, tuber slices and whole tubers within the range 8.1-9.0. As in the resistant parent, the scarce symptoms in the progeny could be attributed to a hypersensitive reaction. The ratio of highly resistant (mean ¸8.1) to susceptible clones (mean <8.0) was 103:50, which was signiWcantly diVerent ( 2 =18.36; P<0.001) from the 1:1 ratio expected for a single gene present in the heterozygous state in parent DG 92-227.
According to ANOVA, genotype had the strongest eVect on resistance, explaining 76.1, 83.4 and 80.6% of the variance in leaXet, tuber slice and whole tuber tests, respectively. The eVects of year of testing were signiWcant and explained between 2.9% (tuber slice test) and 4.8% (leaXet tests) of the variance. The interactions test year £ genotype were also signiWcant and explained 8.7% of the variance in leaXet tests, 8.5% in tuber slice tests and 7.5% in whole tuber tests. The date of testing within the year and interactions date £ year had no signiWcant eVect on the results of tuber slice and whole tuber tests. Those factors were, however, signiWcant in leaXet tests, explaining 0.4 and 0.6% of the variance, respectively.
The mean results of 2-year vegetation period length assessments allowed to classify the resistant clone DG 92-227 as medium late (mean length of vegetation period: 136.3 days) and clone DG 93-352 as late (147.3 days). The frequency distribution did not signiWcantly deviate from normality according to the Kolmogorov-Smirnov test (Fig. 2) . The length of vegetation period varied in population 97-30 from medium early (114.5 days) to late (174.5 days).
Correlations between evaluated traits
The Pearson's correlation coeYcients were calculated for the means of the leaXet, tuber slice and whole tuber resistance and length of vegetation period (Table 2 ). The resistance of leaXets, slices and tubers was highly correlated, whereas there was no signiWcant correlation between the resistance to P. infestans and vegetation period length. No recombinants expressing resistance to P. infestans in leaXets and susceptibility in tubers or vice versa were found. IdentiWcation of markers linked to late blight resistance
The screening of the population 97-30 with RAPD primers resulted in detection of 744 RAPD fragments, of which 238 (32%) were polymorphic among the parents. Ninety-Wve of the polymorphic RAPD fragments were speciWc for the resistant parent DG 92-227. Using ISSR primers, 497 PCR amplicons were obtained, with 167 (34%) showing polymorphism among the parents, of which 85 were found only in the resistant parent. PCR ampliWcation of the 180 polymorphic markers in bulked DNA samples revealed one RAPD marker of 800 bp, which was ampliWed by primer OPB7 (5Јggt gac gca g 3Ј) and was present in resistant parent, the resistant DNA bulk and in all eight individuals constituting the resistant bulk. A fragment of similar size as OPB7 800 was observed in susceptible samples. The intensity of this fragment on stained gels was, however, lower than that obtained with DNA from resistant plants. To increase marker speciWcity, the marker OPB7+TG/GT was developed carrying two additional nucleotides at the 3Ј end of the RAPD 10-mer. Using the primers OPB7+TG and OPB7+GT resulted in the ampliWcation of the 800 bp marker OPB7+TG/GT found as a clear bright band in resistant clones (Fig. 3a) . This marker was then scored in all 153 progeny plants. When treating the major late blight QRL as a single gene, considering all individuals with a resistance score ¸8.1 as resistant and the rest as susceptible, marker OPB7+TG/GT was linked with 12.3% recombination to the resistance locus. The locus was named Rpi-phu1. Based on the sequence of OPB7+TG/GT, the SSCP marker B7 600 was developed. Polymorphism of marker B7 600 in the population 97-30 was revealed after restriction with MseI and SSCP analysis. An MseI restriction fragment of B7 600 was observed in the resistant parent DG 92-227, which co-segregated with OPB7+TG/GT in population 97-30 (not shown).
Genetic mapping of the locus Rpi-phu1
Segregation analysis of the marker B7 600 in a reference mapping population F1840 indicated the map position of the locus Rpi-phu1 on potato chromosome IX in the vicinity of marker GP94 (not shown). GP94 showed a size polymorphism in the parents of the population 97-30 (Fig. 3b) . The 350-bp fragment present in the resistant parent co-segregated with the resistance in progeny, apart from 6.4% of recombinants between GP94 and Rpi-phu1 (Fig. 4) . The chromosome IX speciWc markers GP39, GP129, CP135 and S1D11 were scored by PCR in population 97-30 to localize the resistance locus on chromosome IX more precisely (Fig. 4) . The marker alleles of GP39, B7, GP94, GP129 and CP135 inherited from the resistant parent segregated, similar to the resistance, 
QTL analysis
Besides the markers on potato chromosome IX, the population 97-30 was analyzed for 194 sequence-speciWc markers located on the other 11 potato chromosomes, chosen preferentially from map regions previously described as having QTL for length of vegetation period and/or resistance to P. infestans (Gebhardt and Valkonen 2001; Gebhardt 2004; Visker et al. 2005) . After ampliWcation and CAPS and SSCP analyses, 20 markers were polymorphic in population 97-30. All segregating markers, including the markers on chromosome IX, were tested by Mann-Whitney's U-test for linkage to QTL for length of vegetation period and resistance to P. infestans. For those markers which were signiWcantly linked with the traits, the amount of variance explained by the marker was estimated by ANOVA. All chromosome IX markers were highly signiWcantly linked to late blight resistance (Table 3 ). The marker GP94 explained the largest amount of the variance (65-68%), thereby conWrming the position of the major locus Rpi-phu1. Four additional, minor QTL aVecting resistance to P. infestans and/or length of vegetation period were found on chromosomes IV, V, VIII and X. The QTL on chromosome V showed the strongest eVect on vegetation period length, explaining 8.9% of variance in 2-year means of this trait observed in population 97-30. A QTL for length of the vegetation period was detected also on chromosome IX linked to the two most distal markers GP39 and OPB07+GT/TG (Fig. 4, Table 3 ). However, marker GP94, which was most closely linked to Rpi-phu1, did not show signiWcant linkage with length of the vegetation period.
Discussion
The gene Rpi-phu1, mapped in this study, is particularly interesting because it provides high level of resistance to P. infestans in tubers as well as in foliage. One of the most important aspects of breeding late blight resistant potatoes is tuber resistance, since the blighted tubers can rot in storage or become a source of primary inoculum after planting as seeds (Jwieryjski and Zimnoch-Guzowska 2001) . However, little is known about R gene expression and eVectiveness in tubers, because those genes were usually identiWed on the basis of testing leaXet or foliage resistance. Expression of tuber resistance depends on the tissue inoculated (Jwieryjski and Zimnoch-Guzowska 2001). The tuber skin and the cambial layer just underneath the tuber skin can be important barriers for infection (Toxopeus 1958 (Toxopeus , 1961 , but the periderm, cortex and medulla can also be involved in tuber resistance (Flier et al. 2001) . Recently, Park et al. (2005c) showed that the genes Rpi-abpt and R3a are foliage-speciWc, while R1 or R1-like is eVective both in tubers and foliage, conWrming previous Wndings of Roer and Toxopeus (1961) , who also investigated the eVects of R1 and R3 on tuber resistance. The R2 gene has also been shown to be foliage-speciWc (Roer and Toxopeus 1961) . In case of the RB gene, although its expression was shown both in foliage and tubers, it may not be responsible for the tuber blight resistance (Millet and Bradeen 2005) . The disease symptoms caused by P. infestans and observed in the resistant parent DG 92-227 were nonsporulating, hypersensitive reaction necroses, which indicated the action of a putative R gene in this clone. The large group of highly resistant individuals in the population 97-30 expressed only hypersensitivity and was clearly distinct from the group of susceptible individuals. The level of resistance conferred by Rpi-phu1 was higher in leaXets, tuber slices and in whole tubers when compared to the levels of any of the resistance standards tested. The resistance of the evaluated plant parts was highly correlated, indicating the action of the same genetic factor on all three resistance traits. In tubers, the blight resistance was expressed irrespective of the tissue inoculated. Highly correlated results were obtained from tuber slice tests, where the medulla was inoculated and from whole tuber tests, where mostly the periderm and the cambial layer were inoculated, although the range of reactions in whole tuber tests was narrowed in comparison to tuber slice tests. From the technical point of view, the tuber slice was more accurate and less time-consuming, while the whole tuber test better reXects the situation occurring in nature. The inXuence of the environment on the resistance expression was weak, since the most important source of variation in resistance over the Wve years of testing was genotype.
Genetic mapping of the resistance factor, treating it either as an R gene or as QRL, identiWed a novel locus Rpi-phu1 in a central region on potato chromosome IX, 6.4 cM proximal to the anchor marker GP94. Resistance and the linked markers segregated in 2:1 mode. This segregation distortion could be due to the hybrid character of the investigated material. In the pedigrees of both parental clones, there were a number of identical ancestors, sometimes used repeatedly. That could have been a way of accumulating lethal loci, frequently found in potato, which is a species suVering from inbreeding depression (Ortiz and Peloquin 1994) . Only the most distal marker S1D11 segregated in a normal 1:1 ratio ( 2 =0.32; P>0.50). Rpi-phu1 may be a member of a new 'hotspot' for resistance in Solanaceous genomes. The gene Gm conferring resistance to Potato virus M has been recently identiWed in a similar region on potato chromosome IX (Marczewski et al. 2006) , as well as a QTL for resistance to Erwinia carotovora ssp. atroseptica (Zimnoch-Guzowska et al. 2000) .
Comparing the position of Rpi-phu1 with the Solanaceae function map for pathogen resistance (https:// gabi.rzpd.de/projects/Pomamo/), Rpi-phu1 is located proximal to resistance gene clusters in the more distal regions of chromosome IX. The resistance gene cluster 'to the South' contains the late blight resistance gene Rpi-moc1of S. mochiquense (Smilde et al. 2005) , Ph-3, a major QRL for late blight resistance in tomato (Chungwongse et al. 2002) , Sw-5, a tomato gene for tospoviruses resistance (Brommonschenkel and Tanksley 1997) , Nx encoding hypersensitive resistance to Potato virus X of S. phureja (Tommiska et al. 1998) and Gpa6, a QTL for potato resistance to Globodera pallida (Rouppe van der Voort et al. 2000) . Resistance loci 'to the North' of Rpi-phu1 are Tm-2a from Solanum peruvianum conferring resistance to Tomato mosaic virus (Tanksley et al. 1992) , Fr1 for tomato resistance to Fusarium oxysporum f. sp. radicis-lycopersici (Zhang et al. 2003) and Ve1 for resistance to Verticillium dahliae in tomato and potato (Kawchuk et al. 2001; Simko et al. 2004 ).
There was no signiWcant correlation between the resistance conferred by Rpi-phu1 and vegetation period length. This is an important Wnding, because late blight resistance of commercial value should be highly eVective, durable and not linked with unwanted traits such as long vegetation period or late maturity. The few QTLs for vegetation period length tagged in population 97-30 are in accordance with published data. The most important QTL for vegetation period length has been repeatedly identiWed on potato chromosome V in the vicinity of the R1 locus and overlapped with QTL for late blight resistance (Collins et al. 1999; Oberhagemann et al. 1999; Bormann et al. 2004; Bradshaw et al. 2004; Visker et al. 2003 Visker et al. , 2005 . QTLs for vegetation period length on chromosomes IV, VIII and IX have also been detected in the QTLs tagging experiment of Bormann et al. (2004) . Most of the late blight resistance present within potato cultivars originates from S. demissum and their lateness used to be attributed to the linkage drag (Umaerus and Umaerus 1994) . Jwieryjski (1990) postulated that the negative correlation between vegetation period length and late blight resistance is rather physiologically determined and therefore diYcult to break. That is in accordance with a new description of types of resistance to late blight by Allefs et al. (2005) who name the two types of resistance 'R-gene based' and 'maturity related', with the underlying hypothesis that any resistance level higher than expected on the basis of maturity class must be due to R genes. Still, there is a lack of the direct, experimental evidence on the nature of the relation between late blight resistance and vegetation period length, especially in the context of diVerent resistance sources.
